It is customary, in dealing with the problem of hypertension, to divide it roughly into two groups-"primary" or "essential" hypertension, and "renal" hypertension, the latter being secondary to diseases of the urinary system. This group comprises not only states of renal insufficiency due to glomerular and tubular injury, but also a variety of extra-renal conditions which may lead to urinary retention. In "essential" hypertension, on the other hand, the cardiovascular system appears to play the dominant rOle, and renal pathology, if present, occurs simultaneously or more often secondarily as the result of changes in the vascular tree. The terms "essential" and "primary" hypertension are not ideal, at least from the standpoint of pathology, as they suggest a disease entity per se, rather than a mere sign of disease. There appears to be good evidence that a number of conditions may exist-for example, various endocrine disturbances-which may precede and upon which vascular pathology, both functional and morphological, -may depend. Furthermore, in cases of long standing "essential" hypertension, the resulting vascular changes, through the development of arteriolosclerosis and capillary fibrosis, may readily contribute to the etiology of this so-called "primary" disease, thus setting up a vicious circle.
This brief report is restricted to a consideration of the renal changes in "primary" hypertension. A description of the gross and microscopic changes in the kidney in the varied forms of "renal" hypertension, including glomerulonephritis, the nephroses, pyelonephritis, etc., is quite beyond the scope of such a paper.
A study of a large number of cases belonging to the group of "primary" hypertension quickly shows that one is not dealing with a single but with several clinical syndromes. For clarity the following grouping may be used:
( a temporary, but very marked, elevation of blood pressure which lasts perhaps days or weeks, to return again to normal. Striking examples of this group are seen in certain of the convulsive and nonconvulsive toxemias of pregnancy.
(2) Young ihdividuals showing more or less constant elevation of blood pressure in the absence of any other clinical signs and symptoms.
(3) Cases of permanent elevation of blood pressure associated with cardiovascular signs and symptoms, and a more or less generalized arteriolosclerosis found in many middle-aged and elderly people. This group was first considered as a clinical entity by Gull and Sutton in 1872, and the disease based on the vascular lesions was named "arterio-capillary fibrosis." In more recent years the disease has been known by such terms as diffuse arteriolosclerosis and benign nephrosclerosis.
(4) A relatively small group of young to middle-aged individuals showing a permanent, though variable, elevation of blood pressure associated in the later months of the disease with signs and symptoms of renal insufficiency. This disease runs a rather rapid course. Over sixty per cent of the cases terminate fatally with uremia; the remainder dying of cardiac, cerebral, or aortic injury. This group was first recognized by Volhard and Fahr in 1914, and named, because of its rapid and almost galloping course, malignant nephrosclerosis.
Consider the first of these four groups, taking as example the ,changes in the kidneys in fatal cases of convulsive and non-convulsive so-called toxemias of pregnancy associated with a significant but temporary elevation in blood pressure. The gross picture of the kidney -is one of cloudy swelling, frequently complicated by terminal congestion. Histologically, the most marked changes are in the glom--eruli and tubules, whereas only rarely are outspoken lesions in the vessels present. The picture within the glomerular tuft varies in individual cases, depending somewhat on the duration of the disease; the more common findings being anemia, collapse of isolated capillaries, regressive changes in the epithelial cells, a deposition of subendothelial ground-substance, and a slight proliferation of both epithelial and endothelial cells. To some investigators these findings have suggested an inflammatory reaction, but as degeneration is usually the most outstanding feature, the lesion is seldom regarded as a true glomerulonephritis. The tubules show a varying degree of degeneration of epithelium, necrosis, and regeneration. Precipitated protein and hemoglobin are common within the lumina. The vascular lesions-and it is with these that we are chiefly concernedare strikingly inconspicuous. Rarely an arteriole is seen showing slight hyaline swelling of the basement membrane and still less frequently, one showing a narrow deposition of fibrin beneath the endothelium. A recognizable hypertrophy and hyperplasia of endothelial cells of the afferent vessel just as it enters the glomerulus is not uncommon. Hypertrophy of vessels, endarteritis, necrosis, and saturation of the walls with blood are absent. The vascular changes are so insignificant as to receive no place in the diagnosis which is usually reported as glomerulo-tubulo-nephrosis.
The second group is based on the study of the kidneys from a small number of young individuals known to have had a constantly elevated blood pressure, and considered as cases of essential hypertension. There is no gross change from the average healthy kidney. Microscopically, a variable hypertrophy and dilatation of the large and middle-sized arteries-changes frequently overlooked unless the vessels are studied with a measuring ocular-are the only variations from the normal. Alterations in the basement membrane of the glomeruli and arterioles are very rarely found. In later years, individuals of this group almost invariably develop the changes in the kidney seen in benign nephrosclerosis. In these first two groups of cases, there is no permanent morphological change or group of changes in any part of the kidneys, that, from the standpoint of increased peripheral resistance, may be considered to be the basis for the striking elevations in blood pressure.
This brings us to the third group; namely, the renal changes in patients showing varying degrees of benign nephrosclerosis, a common condition of later life. As the changes vary with the duration of the disease, it is not possible to consider all gradations-hence the gross and microscopic changes of an average, moderately advanced group alone will be described. In size, the kidney is slightly reduced. The cortex is finely granular, and narrower than normal. The color is not striking, but commonly shows venous congestion. It is firmer in consistency and cuts with slightly increased resistance. The cortex and medulla are not clearly demarcated. The larger arteries at the hilus are invariably thickened. The capsule is opaque and strips from the outer surface with slight difficulty.
On microscopic examination the interlobar and archiform arteries are enlarged and show hypertrophy of their walls and dilatation of their lumina. This hypertrophy is confined largely to the media, the intima showing only a moderate connective tissue thickening with some intimal elastosis. The adventitia is rarely altered. The lobular arteries are thickened and tortuous and show a varying degree of proliferation of connective tissue of the intima and a substitution of the muscle fibers of the media by fibrous tissue and ground substance. There is also a reduplication of the internal elastic lamina.
The most striking and constant change in the small arterioles which lead to the glomeruli is a hyaline swelling of the basement membrane and a deposition within this of lipoid. The lumina, as a result of this change within the wall, may be greatly narrowed. In older lesions the entire wall appears to be composed of hyaline-a change preventing not only contraction but also relaxation of the wall. The changes in the glomeruli are comparatively simple. Isolated atrophic glomeruli and others in clusters, usually toward the periphery of the cortex become more and more acellular and finally appear as small hyaline nodules in which the shadowy outlines of the somewhat thickened and collapsed basement membrane can still be distinguished. In this process of gradual transition from a healthy glomerulus to one that is collapsed, acellular, and transformed into a hyalin nodule, one may trace changes in both the tuft and capsule. In the glomerular tuft the basement membrane becomes coarse, fibrillated, reduplicated; ground-substance accumulates in the subendothelial space, leading to collapse of capillaries; and cement substance may be deposited between the capillaries external to the basement membrane forming coarse lines radiating from the pole of the tuft out to the periphery forming the so-called "glomerular rays." The capsular changes are less constant and consist in a thickening of the basement membrane, an accumulation of ground-substance between the epithelial cells and basement membrane, and a differentiation of this ground-substance with the formation of fibrils.
There may be a slight though variable increase in epithelial cells and pericapsular connective tissue. In the early lesions a localized swelling of the basement membrane in both the tuft and capsule-a change comparable to that within the arterioles-is occasionally seen. In uncomplicated cases there is nothing to suggest an inflammatory reaction and there are no hemorrhages. Nests of proximal convoluted tubules, generally associated with glomeruli showing varying stages of regression, appear somewhat undifferentiated, atrophic, collapsed, and surrounded by an absolute increase in connective tissue. Except in extremely advanced cases, there is nothing to suggest renal insufficiency, which substantiates the clinical observation that renal decompensation is exceedingly rare in this group of patients. On the other hand, with the diminution of a large portion of the peripheral segment of the vascular tree of the kidney, there can be little doubt that the resistance to the-blood flowing through the kidney is increased, a point which has already been emphasized in the introductory paragraph. The fourth and last group is comprised of cases of malignant nephrosclerosis, a comparatively rare disease and one still subject to considerable controversy. The name is not well chosen as it suggests a disease primarily of the kidney, and the term, malignant, having no relation to tumor, is merely used to indicate the rapid progress of the course of the disease in contrast to that in benign nephrosclerosis which may exist almost symptom-free for years. In reality, the term malignant nephrosclerosis may be used synonymously with malignant hypertension, and like the arterio-capillary fibrosis of Gull and Sutton, it is a disease of the entire cardio-vascular system. The changes in the kidney parenchyma, like those in the retina, the brain, the pancreas, the intestine, the spleen; and in other organs, appear simultaneously with, and are associated with the development of the vascular lesions.
As the gross appearance of an organ in any progressive disease depends largely on the duration of the illness, so in malignant nephrosclerosis one finds varying gradations of renal injury. In a well-advanced case of malignant nephrosclerosis the kidney is of about average size and shape. The cortex is finely granular and reveals, when the somewhat thickened capsule is stripped away, many petechial hemorrhages. There is active congestion of both cortex and medulla so that the color is a brilliant red. The thickness of the cortex may be slightly reduced and the line of separation between this and the medulla may be considerably obscured. Minute flame-shaped hemorrhages in the connective tissue of the calyces and pelves are common.
The histological changes within the kidney in this disease are of unusual interest, as lesions are found in the vessels, in the glomeruli, in the tubules, and in the stroma. For this reason, it would seem best to consider each of these in turn.
The Vessels: The interlobar and archiform arteries, as in benign nephrosclerosis, show little more than hypertrophy and dilatation with some intimal thickening, usually slight, associated with a reduplication of the elastic lamina (Fig. 1) . The lobular arteries and smaller arterioles are tortuous and show a variety of changesnot one of which, however, is absolutely specific for this disease.
First there is a deposition of fluid-like material or mucinous groundsubstance beneath the endothelium of the intima (Figs. 2 and 3 ).
In the organization of this, through a proliferation of both endothelial cells and subendothelial fibroblasts, lesions appear variously described as proliferative endarteritis, intimal fibrosis, and endarteritis obliterans, characterized by concentric lamellae of cells and intercellular fibrils, at times leading to complete obliteration of the lumen (Figs. 4 , 5, and 6). A still more striking change is a fragmentation of the basement membrane and a saturation of the wall with blood, with hemorrhage into the surrounding stroma (Fig. 7) . In less severe lesions blood plasma with or without red cells may be confined to the subendothelial space of the intima. The endothelial cells are swollen, frequently desquamated, and partial or complete thrombosis is a frequent finding. The general architecture of the wall is destroyed and small aneurysms may form. There is necrosis of cells and intercellular substances (Fig. 8) . In the process of healing through a proliferation of endothelial and adventitial cells, the blood cells and fibrin disappear and the injured vessels may disappear in scar tissue or at times assume a nodular form described as a vascular granuloma. The hyaline swelling of the basement membrane, so constantly seen in benign nephrosclerosis, is occasionally found here as well. In a well-marked case one will find vascular hypertrophy and dilatation, mucinous degeneration of the intima, proliferative endarteritis, a saturation of the wall with blood or plasma, necrosis of the walls, and reparative lesions with scarring and disappearance of vessels. With all of this, there is unquestionably a reduction in the peripheral portion of the vascular tree. The Glomeruli: The glomerular changes in malignant nephrosclerosis are as striking and as variable as are those in the small arteries and arterioles. In general, these are found in about ten per cent of the glomeruli. The remainder, though slightly enlarged, anemic, and showing a slight increase in cells and groundsubstance, are practically unaltered. Perhaps most common is a focal or diffuse collapse of the capillary endothelium with interruption of the lumen through a deposition of ground-substance between the endothelium and basement membrane. In the early stages this appears somewhat watery and is difficult to stain, but as the process becomes older, fibrils may appear and, with the aniline blue Mallory connective-tissue stain, this substance appears intensely blue. The most conspicuous lesion in the glomeruli is an aneurysmal dilatation of one or all of the segments of the glomerular tuft, with rupture of the capillaries and basement membrane, leading to frank hemorrhage into the glomerular space (Fig. 9) . A more common, though less striking picture is a dilatation of the afferent vessel just after it has entered the glomerulus, with saturation of its wall with blood cells and fibrin, and the presence of these substances within the structure of the glomerular tuft and between the endothelium of the capillaries and the basement membrane (Figs. 1 0 and 11). These changes are associated with degenerative lesions in the overlying epithelium, a desquamation and loss of endothelium of the capillaries, and frequently with thrombosis. In healing lesions only the fibrin within the glomerular tuft may remain and this is associated with a proliferation of the epithelium covering the tufts and lining the capsule. Adhesions between the tufts and the capsule, and between the capillaries of the tufts, are common (Fig. 12) . A proliferation of capsular epithelium may even lead to half-moon formations. Such glomeruli are scarred and anemic, and as the process becomes older there is an increase in intercellular substance and a gradual disappearance of cells. In time, the glomerulus may be converted into a hyaline mass or be gradually incorporated into the stroma of the kidney to disappear entirely.
The Tubules: The tubular changes are much more striking than are those in benign nephrosclerosis, for in a well-marked case showing wide-spread tubular change, islands of well-preserved proximal convoluted tubules may only be found after search. In such a case the entire tubular structure of the kidney may be completely transformed by atrophy, collapse, and disappearance of some tubules, degeneration, desquamation and necrosis of some, and proliferation and dilatation of others. Recognizable convoluted tubules are generally hypertrophied. In the lumina one finds red blood cells, fibrin, desquamated epithelial cells, precipitated protein, hyaline and cellular casts, and frequently polymorphonuclear leukocytes.
The Stroma: The changes in the stroma are less conspicuous. There is usually a more or less diffuse increase in connective tissue throughout both cortex and medulla. The intertubular capillaries '9 and veins are dilated. Foci of lymphocytes and mononudear cells are found in areas of sclerosis-particularly in the cortex. Capillary hemorrhages are occasionally seen in all parts of the kidney. In brief, the general architecture of the kidney, through this myriad of changes involving vessels, glomeruli, tubules, and stroma, is considerably altered. Comment
The question may be asked, "Are these four groups so fundamentally different that one is justified in separating them and grouping them as has been done?" It is recognized that individuals belonging to the first group,-those with temporary hypertension during pregnancy toxemia,-may develop in later years the dassical signs and symptoms of malignant nephrosclerosis; and furthermore, that the great majority of patients of the second group, comprised of young adults having a lasting but uncomplicated elevation of blood pressure, ultimately fall into one or the other of the two remaining groups, namely, benign or malignant nephrosclerosis. This might suggest a link in common between these groups-and indicate that they are not different diseases but only different phases of the same disease. In favor of such an hypothesis, perhaps, is the indisputable fact that borderline and transitional forms do occur which do not fall clearly into any one of these four groups. These impressions, however, in no way contradict the observation that, at least on the basis of morphological pathology, each may exist as a distinct and separate disease, but rather suggest that from the standpoint of etiology, certain factors may be common to all.
Summary
The gross and microscopic changes in the kidney in varieties of "primary" or "essential" hypertension are described. Four groups are considered: (1) temporary hypertensions of young and middleaged individuals experienced during certain of the toxemias of pregnancy; (2) permanent hypertension uncomplicated by clinical signs and symptoms as seen in young individuals; (3) permanent hypertension of middle-aged and elderly persons associated with a variable degree of generalized arteriosclerosis; and (4) permanent, though variable, hypertension in young and middle-aged individuals associated with destructive and inflammatory lesions throughout the body-known as malignant nephrosclerosis. 
FIG. 7.
A small lobular artery, hypertrophied, surrounded by an edematous stroma, injured tubules, and two small arterioles showing severely damaged walls. In the center of the vessel there are few red blood cells, a small irregular clump of fibrin, and degenerated leukocytes. The endothelium of the intima is no longer visible. The wall is fragmented, splintered, and saturated with blood. Rings of collagen fibrils are visible in the thickened intima, and at the periphery isolated and stretched muscle fibers of the media are still present. In the identical section stained for the elastic tissue, the internal elastic lamina is stretched and fragmented and in the thickened intima there is a second concentric lamina of elastic tissue. This represents an old vascular lesion with a superimposed acute injury to the wall. From a case of malignant nephrosclerosis. X 350.
FIG. 8. A low-power field to show the extent and severity of an inflammatory reaction involving an afferent arteriole supplying two glomeruli. The diameter of the lumen varies; below, it is narrow but patent; about midway, it is distended with red blood cells; while above, it is occluded with fibrin. The vessel wall is saturated with plasma and the normal architecture is completely lost, and at two points it shows aneurysmal dilatations. Polymorphonuclear leukocytes and proliferating adventitial cells separated by newly formed reticulum fibrils form a mantle to the necrotic vessel wall. At the upper end the same vessel, completely occluded, is seen in cross-section, where the proliferating adventitial and endothelial cells, together with a delicate reticulum, suggests a nodular granuloma. From a case of malignant nephrosclerosis. 
